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Abstract. The experiments described here were flown on Aryabhata and were mainly 
designed to study the global distribution of suprathermal electrons, ionosphere- 
magnetosphere coupling, the F-region anomaly and the hydrogen geocorona. The 
experiments consisted of a retarding potential analyser and two ultraviolet ion 
chambers. The former was designed for the measurement of the flux of suprathermal 
electrons in the earth’s atmosphere while the latter was for measuring the intensity 
of the resonantly scattered hydrogen Lyman alpha (1216 A) and photoelectronically 
excited OI (1304 A) emissions. 

Keywords. Ionosphere-magnetosphere coupling; F region anomaly; hydrogen 
geocorona. 


1. Introduction 

The interaction of the earth’s dynamo field with the solar wind gives rise to many 
interesting phenomena in the magnetosphere and the ionosphere. For example, 
during a magnetic storm, the strength of the electric fields in the equatorial iono¬ 
sphere has been found to change drastically. The electric fields not only reduce to 
zero but also change in direction. Such effects have been observed with backscatter 
radar at Jicamarca and Thumba. Such changes in the electric fields are only possible 
if the effects in the magnetosphere can be transmitted to the ionosphere. How such 
transmission takes place is not yet known. It is possible that the magnetospheric 
changes are first transmitted to the polar regions wherefrom they are transmitted to 
equatorial regions. The retarding potential analyser (RPA) onboard Aryabhata was 
designed to measure the distribution of suprathermal electrons over the globe and to 
determine the flow of these particles from auroral to equatorial latitudes. It was 
thought that the flow pattern would not only help in understanding the electric fields 
in the ionospheric region but would also help in establishing the link between the 
magnetosphere and the ionosphere. 

The suprathermal electrons also influence the nature of the ionospheric plasma in 
many ways. They form an important source for the maintenance of the night-time 
ionosphere. Again they can give rise to micro-instabilities in the plasma such as 
those observed in the E region (Prakash et al 1971). The irregularities with 3 m scale 
sizes were first observed with backscatter radar at Jicamarca (Farley 1963). The 
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mechanisms for the generation of electron density irregularities in the F region plasma, 
called spread F, have not yet been established. The retarding potential analyser 
experiment (together with the ground based experiments like backscatter radar) 
was designed to establish whether the suprathermal electrons can give rise to micro 
instabilities. 

The earth is surrounded by a large atomic hydrogen cloud extending from about 
100 km to about 16 earth radii. This extended hydrogen cloud is called the hydrogen 
geocorona. The hydrogen atoms are produced by the photodissociation of H 2 0 
and CH, t and diffuse upwards to form the geo corona. The Lyman alpha and Lyman 
beta emissions, resonantly scattered from the hydrogen geocorona, are the main 
source for the maintenance of the night-time F-region. The Lyman alpha 
detector aboard Aryabhata was designed to study the geocoronal atomic hydrogen 
density distribution and its latitudinal, seasonal and diurnal variations. It 
has been suggested (Banks 1972) that even in quiet solar conditions, there is a 
diurnal variation of the atomic hydrogen concentrations due to the charge 
exchange reaction of atomic hydrogen with ionised atomic oxygen in the ionosphere. 
There seems to be a diurnal exchange between the ionosphere and plasmasphere 
of the protons produced by this reaction. Such a variation has not been observed 
so far. The Lyman alpha detector in the ultraviolet (UV) payload was designed to 
estimate the extent of such a variation. 

The OI (1304 A) emission is produced in the ionosphere due to photoelectron 
excitations. There has been some experimental evidence (Thomas 1970) about the 
increase in OI emission in winter. The flux measurement of OI emission at different 
times of the year and at different latitudes would give a better insight into seasonal 
anomaly in the F region and would also help in understanding the F region geo¬ 
magnetic anomaly. 


2. The detectors 

2.1. Retarding potential analyser 

This detector was designed to measure the flux of electrons in the energy range bet¬ 
ween 2-5 eV and 80 eV. Figure 1 (plate 1) shows a view of the instrument. 

The RPA consisted of a system of five tungsten grids, G t to G s and a collector 
plate (figure 2). Grids Gj and G i were connected to the satellite body while G 2 
was connected to +14 V and G 3 to the retarding potential varying from —2-5 to 
—80 V. The grid G s was connected to —10 V and the collector plate was biased at 
+ 14 V. The grids were made of gold plated tungsten wire mesh (0-0025 cm diameter 
wire, 20 mesh/cm) having transparency of about 90 %. A small annular metallic ring 
concentrically mounted on RPA detector and electrically insulated from it, was used 
for measuring floating potential with respect to the spacecraft potential. This 
measurement was required to determine the effective retarding potential as applied 
to grid G 3 of the RPA. 

2.1a. Calibration of the RPA 

The RPA was calibrated for the collection efficiency along the field lines of the earth’s 
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Figure 3. The calibration set-up for RPA. 



magnetic field, as a function of incident electron energy. The calibration set-up is 
shown in figure 3. The RPA was mounted at one end of a test chamber and an 
electron gun at the other end. The axis of the test chamber was aligned along the 
earth’s magnetic field. The energy of the emitted electrons could be controlled by 
applying a suitable negative potential to the electron gun. The test chamber was 
evacuated to a pressure of about 10 -5 mm. The current collected by the RPA was 
measured by a sensitive electrometer amplifier at different incident electron energies. 
The measurement was repeated with all the grids of the RPA removed. The ratio 
of the two currents (with and without grids) was used to determine the collecting 
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Figure 4. Lyman alpha ion chambers. 


Table 1 Collecting efficiency of retarded potential analyser 


Electron 

energy 

(eV) 

Current with grids 
(in 10 -8 amps) 

Current without grids 
(in 10 _s amps) 

Collecting 

efficiency 

/o 

10 

008 

0 009 

8-9 

20 

1-5 

016 

9-3 

30 

3-5 

0-36 

9-9 

40 

4-9 

0-48 

10-0 

50 

6-6 

0-60 

110 

60 

70 

0-66 

10-5 

65 

7-4 

0-69 

106 


efficiency of the RPA as a function of incident electron energy. A typical set of 
observations is given in table 1. The collecting efficiency was found to vary from 
8-9 % to 11 % with incident electron energy upto 65 eV. 

2.2. UV detectors 

Two UV ion chambers similar to each other but with different spectral pass bands, 
were used for the experiment. The detectors were similar to those used by Carver 
and Mitchel (1964) and Subbaraya et al (1973). The first chamber (shown in figure 4) 
was fitted with a magnesium fluoride window and filled with NO gas at a pressure of 
about 10 to 20 mm of Hg. The spectral passband of this chamber was from 1120 
to 1340 A. The second chamber with calcium fluoride window and filled with NO 
had a passband from 1250 to 1340 A. Both the chambers were operated in the 
unity gain mode with a bias voltage of +45 V and were mounted at the satellite equa¬ 
torial plane. The look windows of 2-5 cm diameter were provided giving each 
detector a field of view of about + 22-5°. 

2.2 a. Calibration of the UV detectors 

The determination of quantum efficiency of an ion chamber at a particular wave¬ 
length involves the measurement of ionisation current collected at the central electrode 
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Figure 5. Calibration system for ion chambers to measure the absolute quantum efficiency. 
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when the chamber is exposed to a monochromatic beam of known intensity. The 
experimental set-up is shown in figure 5. 

The absolute intensity of monochromatic beam emerging from half-meter Seya- 
Namioka monochromator, is measured using a standard, parallel plate ion chamber 
filled with NO gas. The quantum yield value for the nitric oxide at different photon 
wavelengths has been taken from Watanabe et al (1967). Knowing the absolute 
intensity of incident photon beam, one can easily measure the quantum efficiency 
of the two ion chambers. 


3. Payload electronics and data collection 

A schematic diagram of the payload electronics is given in figure 6. The payload for 
the RPA consisted of an electrometer amplifier, a two-stage voltage amplifier with 
automatic gain control, a voltage step generator and a level shifter. The UV payload 
consisted of two sets of electrometer amplifiers and two-stage voltage amplifiers with 
automatic gain controls. The analog outputs from the RPA and two UV amplifiers 
were then multiplexed and allowed to go through analog to digital conversion before 
going to the memory. 

The two experiments, the RPA and UV detectors were programmed to operate 
in a pre-arranged time-sequence. Each experiment was switched on 12 s before data 
were collected from it for stabilisation of its electronics. The data were then collected 
for 12 s and after proper amplification and digitisation stored in the memory unit. 
This data were read out to telemetry at the allowed rate of 4 words/s in 48 s. 
The RPA and UV detectors operated in sequence so that the total time for one com¬ 
plete cycle of operation was 96 s. In addition, there were two more words available 
for the experiment once in every 2 s. These were used for monitoring amplifier zero 
and resetting step generator voltage applied to the RPA. 

Some of the electronic systems are briefly described below. 


BOX - i 


BOX- 3 



BOX - 2 


Figure 6. Block diagram for the payload electronics of the RPA and UV experiments. 
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3.1. Electrometer amplifier, voltage amplifier and automatic gain control circuit 

The electrometer amplifier consisted of a matched pair of electrometer tubes in cas¬ 
cade followed by an operational amplifier. This amplifier essentially acted as a current 
to voltage converter whose current sensitivity depended on the value of the feedback 
resistor. The electrometer amplifiers used for both the RPA and UV experiments 
were identical except that the dynamic current range was different in two cases. For 
the RPA experiment, the range was from 10 -13 to 10 -9 A (feedback resistor 10 10 
ohms) whereas for the UV experiment, it ranged from 10~ 12 to 10“ 8 A (feedback 
resistor 10 9 ohms). 

The output of the electrometer amplifier, which varies from 1 0 mV to 10 V was fed 
to a two-stage voltage amplifier. The gain of the voltage amplifier gets adjusted 
by an automatic gain control circuit such that the amplifier output always remains 
within the range of 1 to 5 V. To achieve this, the gain of the amplifier was varied from 
10 3 to 10°- 5 in eight discrete steps and was switched from one to the other either in 
increasing or decreasing order with the help of a 3-bit binary up-down counter. The 
gain level information of the amplifier was received in digital form. 

In the case of UV electronics, the output from the amplifier was with reference to 
the ground potential whereas for the RPA it was with reference to +14 V, the poten¬ 
tial at which its collector plate was biased. A level shifter was, therefore, used to 
bring down the reference of the RPA signals from +14 V to the ground potential 
before it was fed to the multiplexer. 

3.2. Voltage step generator 

Voltages applied to the grid G 3 of the RPA were generated in six voltage steps of 
—80 V, —40 V, —20 V, —10 V, —5 V and —2-5 V. The first three steps were genera¬ 
ted using a DC/DC converter by controlling its supply voltage in three discrete steps 
whereas the remaining three were obtained from a voltage divider circuit using tran¬ 
sistors. All these voltage steps were generated in a running sequence using a scale 
of six counters driven by a 0-5 Hz square pulse derived from a l Hz master clock. 
Each voltage step stayed for a 2 s duration and the cycle repeated after every 12 s. 

3.3. Multiplexer and AID converter 

These units were used to multiplex the analog outputs of the RPA, UV1 and UV2 
amplifiers in time sequence. These multiplexed outputs were then digitised by a 4-bit 
A/D converter. The digital gain information from the detectors were also multi¬ 
plexed such that the gain information appeared along with its digitised analog counter 
part. The A/D converter was of counter ramp type and took 1-5 ms to complete 
the conversion. 

3.4. Memory unit and programmer 

The useful rate of data collection for both the experiments was found to be 16 words 
per second. The telemetry allotment for the readout of this data was 4 words per 
second. Therefore a buffer memory was used for interfacing the data stored at the 
collection rate and the data readout at the telemetry rate. 



328 


S Prakash et al 


All the operations mentioned earlier were performed in synchronism with reference 
sources of256 Hz and 1 Hz square pulses generated in the telemetry unit. From these 
reference pulses, a few control pulses were generated by the programmer, viz. detector 
payload on/off control pulses, amplifiers, drift compensating control pulses, UV 
detector bias +45 V on/off control pulses, voltage step generator control pulses, 
A/D converter command pulses, write and read clock pulses for the memory etc. 


4. Environmental tests 

The experimental packages were subjected to qualification tests in various stages 
before integration. Individual electronic cards were subjected to thermal (soak) 
tests in the laboratory for 6 hr each at — 15°C and + 60°C. The cards were tested 
after soaking and qualified for assembly. Similar tests were made for subsystems 
comprising qualified individual cards. The experimental units for the prototype 
and the flight models were also subjected to vibration, shock and humidity tests in 
the laboratory. 


5. Concluding remarks 

The payload functioned satisfactorily upto the last stages of pre-launch checkout. 
After launching the Aryabhata it was found that out of the four power lines giving 
+ 14 V and +9 V, the +9 V power line was not reaching the aeronomy experiment. 
As a result, no data for the experiment were available. 
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Plate 1 



Figure 1. The retarding potential analyser. 





